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Abstract 
Methyl-3-orsellinate can be generated from methyl-3-orcinol through the nitration of aryl 
function to be then reduced to amine group. This last derivative could be the substrat of a 
diazotonization for the corresponding diazonium salt. After this, a cyanide group could be 
introduced by nucleophilic substitution using potassium cyanide and then, the carboxyl function 
could be produced after hydrolysis. Alternatively, methyl-3-orsellinate could be produced by 
alginate-immobilized, atranorin-producing lichen cells loaded with acetate and treated with 
sodium azide. Acetate is used by acetyl-CoA carboxylase and aromatic synthase (methyl 
transfer) to produce methyl-3-orsellinate and its oxidation to haematommoyl alcohol is inhibited 
by sodium azide. 
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1. Introduction 
 
Lichens produce depsides, phenolics composed by two or three monocyclic units linked by an ester 
bond and derived from orsellinic acid. Orsellinic acid is synthesized by an aromatic synthase1, 
which produces an 8C lineal polyketide intermediate before cyclasation. However, labelling 
experiments have indicated that an additional C-1 unit must be added to the polyketide chain prior 
to cyclasation to produce β-methyl orsellinate, the basic unit of depsides of the β-orcinol series2,3. 
This additional C1 unit can be derivatized or oxidized to alcohol or aldehyde functions, such as 
occurs in atranorin. Depsides from the orcinol and β-orcinol series, such as lecanoric or evernic 
acids, and atranorin, respectively, are produced by esterification of two orsellinic acid, or orsellinate 
derivatives, catalyzed by several orsellinate depside hydrolases4,5 thus acting as esterases. 

Many depsides are used for industrial or pharmacological purposes. For instance, atranorin 
and its derivatives are common constituents of the "oak moss absolute", characteristic of many 
parfums6,7. Huneck8 reported that in 1997, 1900 tons of Pseudevernia furfuracea and 700 tons of 
Evernia prunastri, the most important species used for the production of essential ingredients of 
the oakmoss absolute, were processed, mainly at Grasse, the centre of the essential oil industry in 
France. Since atranorin is an inhibitor of elastase9, its use would arise great interest among the 
cosmetic industry. Moreover, usnic acid, another lichen phenol, is used as preservative in 
cosmetic creams10, and atranorin and other related compounds are potential sunscreen 
materials11. In spite of the applied interest for these substances, atranorin and other related 
compounds are regarded as responsible sensitizers in allergic contact and photocontact dermatitis 
to oakmoss12,13. To improve the skin tolerance to these compounds, Ehret et al.,14 describe a 
treatment of oakmoss absolute with amino acids such as lysine and leucine which lowers the 
content of allergenic constituents. On the other hand, provided the slow rate of growth of lichens, 
the destruction of lichen biomass required to supply high amounts of these metabolites to the 
industry can be considered as irreversible. 

Since atranorin seems to be a key compound for pharmaceutical and cosmetic industries, a 
simple procedure to obtain methyl-3-orsellinate as a precursor of haematommic acid is required 
in order to an efficient production of the depside. 
 
 
2. Production of methyl-3-orsellinate by organic synthesis 
 
The orcinol molecule is highly functionalized. To modify its structure in order to obtain methyl-
3-orsellinate, some reactions of electrophillic substitution can be attempted on the benzene ring 
to introduce the selected functions in the appropriate positions. Methylation at the position 2, 
between two hydroxyl functions, would produce methyl-3-orcinol with very low recovery, about 
6-10% (Scheme 1). 
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Moreover, all the positions in the orcinol molecule is activated for monosubstitution (Scheme 
2). Thus, at least two different products could be obtained. This kind of methylation is achieved 
through a Friedel-Crafts reaction using methyl iodide and anhydre aluminium chloride as a 
catalizer in the appropriate solvent15. On the other hand, introduction of a carboxyl group can be 
achieved by oxidation of an alkyl group (generally, a methyl substituent).This implies a new 
methylation and then, a tri-methyl derivatives will be obtained (Scheme 3). In this case, it is 
impossible to carry out a selective oxidation with high recovery, since other products different 
than 1-caboxy-3-methyl orcinol can be obtained (Scheme 4). 
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An alternative possibility to generate a carboxyl group consists of a nitration of alkyl 
function to be then reduced to amine group. This last derivative could be the substrat of a 
diazotonization16,17 to for the corresponding diazonium salt. Reaction is carried out at 10°C and 
pH 3.5. After this, a cyanide group could be introduced by nucleophilic substitution using 
potassium cyanide18 and then, the carboxyl function could be produced after hydrolysis (Scheme 
5). From the cyano-derivative, the product can be obtained according to the sequence of 
reactions shown in Scheme 6. Ammonia is derived from the cyano function by acidic hydrolysis 
and, after this, the carboxy derivative is methylated as above. 
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3. Bioproduction of methyl-3-orsellinate by immobilized lichen cells 
 
Cells of the lichen Evernia prunastri, immobilized in calcium alginate, were able to produce the 
depside atranorin from acetate. The synthesis of the depside was enhanced by molecular oxygen 
and NADH. This enhancement suggested the participation of an oxydase (Scheme 7) and an 
alcohol dehydrogenase (Scheme 8) to produce an aldehyde-substituted phenolic acid, 
haematommic acid, as the most probable precursor of atranorin. The participation of both 
enzymes was confirmed by loading immobilized cells with sodium azide, an inhibitor of several 
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metallo-oxydases, and pyrazole, an inhibitor of alcohol dehydrogenase, which impeded atranorin 
production19 and accumulated β-methyl orsellinate (after azide loading) or its alcohol derivative 
(after pirazole treatment). 
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Samples of 2.0 g of dry thalli of the lichen Evernia prunastri were completely rinsed in 
distilled water and gently macerated in a mortar to obtain an homogenate. Then, 20 ml of sodium 
alginate, medium viscosity, solution (4 %, w/v) were added and mixed with the homogenate, and 
the mixture was extruded dropwise with a syringe into 50 ml of 0.2 M CaCl2

20. The beads of 
calcium alginate were supplemented with 50 ml 1.0 mM sodium acetate containing 14 M 
NADH, and 2 % (v/v) 2-propanol in order to permeabilize lichen cells21 and maintained, gently 
stirred, at 25°C for 10 days. Oxygen dissolved in the bath solution was increased by a continuous 
bubbling of air. When indicated, 20 µM sodium azide or 10 µM pyrazole were added to the 
acetate solution. After 10 days, the bath solution was collected to extract lichen phenolics.  

Phenolics were extracted by mixing the bath solution with 50 ml of diethyl ether:ethyl acetate 
(65:35 v/v). The mixture was vigorously stirred and the organic phase was separated with a 
micropippette22. The extraction was repeated three times. Organic extracts were mixed and dried 
in air flow. The residue was redisolved in 2.0 ml methanol and analyzed by HPLC, according to 
Feige et al.23, using a Varian 5060 liquid chromatograph equipped with a Vista CDS 415 
computer. A reverse phase MCH-10, 5 µm, 250 mm × 4.6 mm column was used. Two solvent 
systems were employed. System A was MilliQ water containing 1% (v/v) orthophosphoric acid 
and system B was 100% methanol. The run started with 30% B and continued isocratically for 1 
min at 0.7 ml min-1. After 1 min, 10 µl of the sample were injected and the solvent B was 
increased to 70% within 14 min, then up to 100% in 30 min, and then isocratically in 100% B for 
further 8 min. At the end of the run the system B was decreased to 30% within 1 min and the 
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column flushed with 30% B for 16 min before a new run was started. Detection was carried out 
by using an UV set at 238 nm. Atranorin and evernic acid from Sarsyntex (France), and usnic 
acid from Sigma Chemical Co. (USA) were used as external standards. 

Chromatographic trace of phenolics extracted from media containing immobilized cells 
supplemented only with acetate or with acetate and NADH in the presence of additional amounts 
of oxygen revealed the production of atranorin (retention time value 41.60 min) and evernic acid 
(retention time value 33.43 min), as well as the appearance of peaks corresponding to usnic acid 
(retention time 49.15 min) and chloroatranorin (retention time 43.55 min) and other minor peaks, 
presumably corresponding to undetermined precursors or catabolites. However, when sodium 
azide, a well-known inhibitor of several oxydases24,25, was included in the oxygenated incubation 
medium containing NADH, the peak of usnic acid was newly detected and, in addition, a new 
peak appeared with a retention time value of 17.24 min after 10 days. However, those 
corresponding to major phenolics completely disappeared. The relative retention time of this new 
substance with respect to that of evernic acid and atranorin was almost identical to that found by 
Feige et al.23 for methyl-3-orsellinate, presumably accumulated in the bath medium as a 
consequence of the inhibition of a specific oxydase by sodium azide (Scheme 9). 
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